Alcoholic liver cirrhosis is usually preceded by many years of heavy drinking, in which cessation in drinking could prevent the disease. Alcohol problems are not consistently managed in hospital patients. We followed all Danish patients with an initial hospital contact with alcohol problems (intoxication, harmful use, or dependence) during 1998-2002 for alcoholic liver cirrhosis development (n 5 36,044). In this registry-based cohort, we identified predictors of the absolute risk for alcoholic liver cirrhosis. Incidence rate ratios (IRRs) were estimated as the incidence rate of alcoholic liver cirrhosis in these patients relative to the general population. Age and alcohol diagnosis were significant predictors of alcoholic liver cirrhosis risk in men and women, whereas civil status, education, and type of hospital care were not. In men, the 15-year absolute risk was 0.7% (95% confidence interval [CI], 0.4, 0.8) for 20-29 years, 5.5% (95% CI, 4.9, 6.2) for 30-39 years, 9.8% (95% CI, 9.0, 11) for 40-49 years, 8.9% (95% CI, 8.1, 9.8) for 50-59 years, 6.2% (95% CI, 5.1, 7.2) for 60-69 years, and 2.5% (95% CI, 1.7, 3.3) for 70-84 years. According to alcohol diagnosis in men, the 15-year absolute risk was 2.6% (95% CI, 2.3, 2.9) for intoxication, 7.7% (95% CI, 6.4, 7.9) for harmful use, and 8.8% (95% CI, 8.2, 9.4) for dependence. The IRR for alcoholic liver cirrhosis in the cohort relative to the general population was 11 (95% CI, 10, 12) in men and 18 (95% CI, 15, 21) in women. Conclusion: Hospital patients with alcohol problems had a much greater risk for alcoholic liver cirrhosis compared to the general population. The risk was particularly increased for patients 40-59 years and for patients diagnosed with harmful use or dependence. (HEPATOLOGY 2017;65:929-937).
N early half of all liver cirrhosis deaths worldwide are attributed to alcohol, (1) and alcoholic liver cirrhosis constitute a large fraction of all alcohol-related deaths. (2, 3) In Denmark, the majority of liver cirrhosis cases are attributed to alcohol. (4) The one or two decades of heavy drinking that usually precede the diagnosis of alcoholic liver cirrhosis, (5) imply a long period of time over which cessation or reduction in drinking would have prevented the disease. (6) A hospital contact reflecting obvious alcohol problems preceding the diagnosis of alcoholic liver cirrhosis represents an opportunity to interrupt this downward trajectory if alcohol treatment is offered. (7) Establishing hospital-based alcohol treatment has been suggested to reduce the burden of alcoholic liver cirrhosis. (8) However, in Denmark, (9) in line with several other countries, (10) (11) (12) alcohol treatment is geographically and organizationally separated from the hospitals. And because of a lack of education, health care providers do not treat alcohol problems in hospital patients. (13) Around 2% of all Danish hospital contacts among adults involve alcohol diagnoses reflecting obvious alcohol problems. (14) These hospital contacts include diagnosis of alcohol intoxication, a marker of excessive drinking, harmful alcohol use, used for mild cases of alcohol dependence or when the alcohol use has caused physical or mental disease, and, finally, alcohol dependence for the more severe cases of alcohol dependence. (15, 16) Patients with such hospital contacts have, on average, a 25-year shorter life expectancy than the general population. (17) A 1998 study from the United States found a relative risk of 5.7 for subsequent admission with cirrhosis among those who had a hospital contact with alcohol problems relative to other hospital patients. (18) Identification of predictors for alcoholic liver cirrhosis among hospital patients with alcohol problems could be beneficial for the targeting of preventive strategies. Research suggests that age, (18) alcohol diagnosis, (15) psychiatric disease, (19) and type of hospital care (20, 21) might be associated with the severity of alcohol problems or risk for alcoholic liver cirrhosis development.
Moreover, the absolute risk for alcoholic liver cirrhosis in such patients and the risk relative to alcoholic liver cirrhosis rates in the general population have not previously been investigated.
We report the results of a cohort study of all men and women in Denmark who had an initial hospital contact with alcohol problems in the period 1998-2002. We estimated (1) various demographic and medical characteristics as predictors of alcoholic liver cirrhosis, (2) the absolute risk for alcoholic liver cirrhosis, and (3) the incidence rate of alcoholic liver cirrhosis relative to the general Danish population.
Materials and Methods
We conducted a nationwide, registry-based, prospective cohort study of all patients with an initial hospital contact with alcohol problems between 1998 and 2002 in Denmark. The cohort was followed up for incident diagnosis of alcoholic liver cirrhosis up to 2014.
DATA SOURCES
We used data covering the entire Danish population of approximately 5.3 million people. Hospital contacts and diagnoses were obtained from The National Patient Register and The Danish Psychiatric Central Research Register. The National Patient Register was established in 1977 and contains data on all somatic admissions with emergency and outpatient contacts added in 1995. (22) The Danish Psychiatric Central Research Register was established in 1970 and contains data on all psychiatric hospital admissions with emergency and outpatient contacts added since 1995. (23) In all registries, diagnoses are recorded according to the eighth and, since 1994, the tenth International Classification of Diseases (ICD). (22) Information on marital status, death, and migration to and from Denmark was obtained from the Danish Civil Registration System. (24) Information on education came from Statistics Denmark. The above registries were linked by a personal identification number, a unique identifier assigned to all Danish residents since 1968. R18.9; n 5 2,237). Exclusion of patients diagnosed with these conditions during the first 3 months of follow-up was to avoid including those whose hospital contact was, in reality, precipitated by alcoholic liver cirrhosis, but whose ultimate diagnosis was initially either unrecognized or not recorded at that time. Patients who died or turned 85 years of age within the first 3 months from their initial hospital contact with alcohol problems (n 5 641) were also excluded. Exclusion of patients more than 85 years of age was because we lacked nationwide alcoholic liver cirrhosis incidences for this age group. The exclusion can be justified because alcoholic liver cirrhosis is rarely diagnosed in patients beyond 85 years of age. (25) Somatic comorbidity was measured according to the Charlson comorbidity index score based on previous hospital diagnoses. (26) Psychiatric comorbidity was measured as the number of previous psychiatric hospital diagnoses: dementia and organic disorders not 
FOLLOW-UP FOR ALCOHOLIC LIVER CIRRHOSIS (1998-2014)
Individuals were considered at risk from 3 months after their initial hospital contact with alcohol problems until diagnosis of alcoholic liver cirrhosis (ICD-10: K70.3 and K70.4; n 5 1,966), turning 85 years of age (n 5 695), death (n 5 13,221), or end of followup (31.12.2014), whichever occurred first.
STATISTICAL ANALYSES
All analyses for alcoholic liver cirrhosis risk took the competing risk of death into account. (27) First, we assessed characteristics present at the initial hospital contact with alcohol problems as predictors of alcoholic liver cirrhosis development. Changes in risks associated with sociodemographic and medical characteristics as well as characteristics related to the initial hospital contact with alcohol problems itself (somatic/psychiatric department and inpatient/emergency/outpatient hospital care) were assessed by the absolute risk regression approach with mutual adjustment. (28) Second, the absolute 15-year risk for alcoholic liver cirrhosis was estimated using the Aalen-Johansen method. (29) Subgroup analyses were performed in strata defined by age and alcohol diagnosis, also both assessed at the initial hospital contact with alcohol problems.
Third, Poisson regression was used to estimate incidence rate ratios (IRRs) for alcoholic liver cirrhosis in the study population relative to the general population, that is, the actual observed number of alcoholic liver cirrhosis in the study population divided by the expected number derived from the whole Danish population according to sex, 5-year age groups, and calendar year. The expected number of alcoholic liver cirrhosis in the cohort was the sex, 5-year age group, and calendar-yearspecific person-years in the cohort multiplied by the corresponding incidence rate in the Danish population. All IRRs were adjusted for calendar year of the initial hospital contact with alcohol problems. Values are numbers and percentages, unless stated otherwise. *Other included those divorced, separated, and widowed.
All analyses were stratified on sex. (30) Statistical procedures were carried out using Stata (version 14; StataCorp LP, College Station, TX) and R software (R Foundation for Statistical Computing, Vienna, Austria).
Results
We included 36,044 men and women with an initial hospital contact in the period 1998-2002 given an alcohol problem diagnosis (Table 1) . Two thirds were men, and most had their initial hospital contact with alcohol problems at a somatic department, the majority as inpatients. Alcohol diagnoses for intoxication and dependence were equally common (37%-42%), whereas 20%-21% were given an alcohol diagnosis for harmful alcohol use.
Median age (interquartile range; IQR) was 43 years (32-54) in men and 44 in women. Approximately half of the cohort had a maximum of only 9 years of education. One third of the cohort was The absolute risk ratios are mutually adjusted. *Other included those divorced, separated, and widowed.
married. The majority of both men and women had no somatic or psychiatric diagnosis preceding their inclusion hospital contact. Psychiatric comorbidity was more frequent in women (28%) compared to men (14%).
PREDICTORS OF ALCOHOLIC LIVER CIRRHOSIS
After a total follow-up of 411,417 person-years (mean follow-up, 11.4), 1,406 men and 560 women in the cohort were diagnosed with alcoholic liver cirrhosis.
Age assessed at the time of the initial hospital contact with alcohol problems was a significant predictor of the 15-year risk of alcoholic liver cirrhosis ( Table 2 ). Age of 20-29, 30-39, 60-69, and 70-84 years were associated with a decreased 15-year risk of alcoholic liver cirrhosis compared to age 40-49 years. An alcohol diagnosis of harmful use or dependence was associated with an increased 15-year risk of alcoholic liver cirrhosis compared to a diagnosis of alcohol intoxication. The 15-year risk of alcoholic liver cirrhosis was unrelated to whether the initial hospital contact was as an inpatient, outpatient, or an emergency room visit. However, alcoholic liver cirrhosis risk was higher if the initial hospital contact was a somatic, compared to a psychiatric, department contact. Consistent with this finding, previous psychiatric comorbidity was associated with a decreased risk. A Charlson score of 1 compared to 0 was associated with an increased risk for alcoholic liver cirrhosis in men, but not in women. Men with the longest education were at slightly lower risk, whereas civil status was not related. Finally, there was some evidence of an association between calendar year of the initial hospital contact with an alcohol problem among men.
ABSOLUTE RISK FOR ALCOHOLIC LIVER CIRRHOSIS
The absolute risks for alcoholic liver cirrhosis were slightly higher in men compared to women. The overall absolute risks for alcoholic liver cirrhosis in men within 5, 10, and 15 years were 2.6% (95% confidence interval [CI], 2.4, 2.8), 4.5% (95% CI, 4.3, 4.8), and 5.9% (95% CI, 5.6, 6.2) compared to absolute risks of 2.3% (95% CI, 2.0, 2.5), 4.0% (95% CI, 3.6, 4.3), and 5.1% (95% CI, 4.7, 5.6) in women (Fig. 1) . Table 3 presents the absolute 15-year risks for alcoholic liver cirrhosis according to age and alcohol diagnosis at the initial hospital contact with alcohol problems. Men and women aged 40-59 years at their initial hospital contact with alcohol problems had the highest absolute risk compared to those of younger and older ages. For example, in men, the absolute 15-year risk for alcoholic liver cirrhosis was 9.8% (95% CI, 9.0, 11) for those aged 40-49 years, 0.7% (95% CI, 0.4, 0.8) for those aged 20-29 years, and 2.5% (95% CI, 1.7, 3.3) for those aged 70-84 years at their initial hospital contact with alcohol problems. The absolute 15-year risk for alcoholic liver cirrhosis increased with the severity of the alcohol diagnosis. For instance, in men, the absolute 15-year risk was 2.6% (95% CI, 2.3, 2.9) for alcohol intoxication compared to 7.7% (95% CI, 6.4, 7.9) for harmful alcohol use and 8.8% (95% CI, 8.2, 9.4) for alcohol dependence.
INCIDENCE RATE OF ALCOHOLIC LIVER CIRRHOSIS IN THE COHORT AND THE GENERAL POPULATION
The incidence rate of alcoholic liver cirrhosis among men in the cohort was 50 per 10,000 person-years and 4.8 in the general population (IRR, 11; 95% CI, 10, 12). The equivalent rates in women were 42 versus 2.3 (IRR, 18; 95% CI, 15, 21; Table 4 ).
The IRR in men aged 30-39 years at their initial hospital contact with alcohol problems was 13 (95% CI, 12, 16), which was higher than in men aged 50-59 years (IRR, 9.4; 95% CI, 8.2, 11). Otherwise, there was no difference in IRR between age groups assessed at the initial hospital contact with alcohol problems in men and women.
Discussion
In this study of all Danish patients with an initial hospital contact with alcohol problems 1998-2002, alcohol diagnosis and age were predictors of alcoholic liver cirrhosis risk whereas civil status, education, and type of hospital care were not. Overall, we found an absolute 15-year risk for alcoholic liver cirrhosis of 5%-6%. Patients aged 40-59 years at their initial hospital contact with alcohol problems had a particular increased 15-year risk of 8%-10% compared to those younger or older. Patients with a diagnosis of harmful alcohol use or alcohol dependence had, in general, a 3-to 4-fold higher absolute risk than patients with a diagnosis of alcohol intoxication. When compared to the general Danish population, patients with an initial hospital contact with alcohol problems had a more than 10-fold greater rate of alcoholic liver cirrhosis diagnosis after adjustment for age.
The study had a number of strengths, including the prospective design and high validity of the cirrhosis diagnosis: A study found a positive predictive value of 92%.
(31) Furthermore, we had complete follow-up and the study was nationwide. (22, 32) Denmark has a free, taxfinanced health care system, and patients with suspected cirrhosis are referred to the hospital sector for further diagnostics ensuring few cases of cirrhosis to be missed in the hospital registry data. (25) Furthermore, lack of information on hepatitis B and C status as contributing causes of alcoholic cirrhosis development is a minor limitation given that their prevalence are low in Denmark. (33, 34) However, around 11% of liver cirrhosis patients are diagnosed the first time at death, leading to an underestimation of the absolute risk in our cohort. (35) A limitation of our study was lack of information on lifestyle factors (smoking and obesity) that can influence risk of alcoholic liver cirrhosis among heavy drinkers. (6) A previous study showed the alcohol diagnosis to be a valid marker of the severity of alcohol problems. (15) We observed an increased risk of alcoholic liver cirrhosis in patients with a diagnosis of alcohol intoxication that indicates binge drinking. Although alcohol intoxication is not an alcohol use disorder, it may indicate the increased risk of alcohol use disorders observed in binge drinkers. (36) The high risk for alcoholic liver cirrhosis among those being 40-59 years, compared to younger or older at their initial hospital contact with alcohol problems, is in line with a previous study. (18) Although young age is not associated with recovery from alcohol problems, (37) this finding might reflect other significant factors than alcohol for liver cirrhosis development that are related to age such as fibrosis development, metabolic syndrome, and iron overload. (6) alcoholic liver cirrhosis is, in general, a rare disease in young people. (38) It is also possible that those being 40-59 years have been drinking a longer time before hospitalization with alcohol problems than younger patients. However, if alcohol problems begin in old age (60-84 years), few might drink and live long enough for liver cirrhosis to develop. (39) The association of psychiatric disease with less risk for alcoholic liver cirrhosis appears, at first sight, to be surprising given that coexisting psychiatric disease is associated with increased risk of relapse among heavy drinkers. (19, 40) Importantly, the threshold for a hospital contact with alcohol problems among patients with psychiatric disease might be lower and the alcohol problem less severe than in those without psychiatric disease. To our knowledge, no previous studies have reported the absolute risk for alcoholic liver cirrhosis either in hospital patients or in other cohorts with alcohol problems. The steady rate at which patients with an initial hospital contact with alcohol problems are diagnosed with alcoholic liver cirrhosis throughout the follow-up period may indicate the long period of heavy drinking that usually precede the development of alcoholic liver cirrhosis. (5) In line with studies of treatment-seeking alcohol abusers, we found a higher incidence rate relative to the general population in women compared to men. (41, 42) On the contrary, the absolute risk for alcoholic liver cirrhosis within the cohort was slightly lower in women compared to men, which could be explained by women being more prone to recover from alcohol problems than men. (37, 40) Our observed IRRs of 11 for men and 18 for women with an initial alcohol contact relative to the general population were higher than the relative risk of 5.7 found in a American study comparing a similar group with other hospital patients. (18) The different comparison groups could explain this; heavy drinking is more common in hospital patients than in the general population. (43) In addition, the different health care system in the United States decreases the comparability with our study. On the other hand, our observed IRR tended to be lower than reported for treatment-seeking alcohol-dependent patients relative to the general population (11-27 for men), probably attributed to moresevere alcohol problems in these populations. (41, 44) Together with other evidence, our study indicates a need for the presence of alcohol care teams in the hospital setting. (13) Hospital patients with alcohol problems have a much lower life expectancy compared to the general population. (17) An alcohol care team should undertake an initial assessment and treatment of hospital patients with alcohol problems and cooperate with primary and secondary care for further management. (8) Alcohol care teams have been shown to reduce alcohol-related admissions and reduce costs, (8, 45) and their intervention seems to be accepted by patients with alcohol problems. (46) Another important step would be to increase the knowledge of alcohol disorders among health care providers by developing curricula on this issue at medical school. (13) Moreover, specific preventive strategies for alcoholic liver cirrhosis could be relevant to offer middle-aged patients with alcohol problems. Today, as in contrast to earlier times, noninvasive, widely available methods such as serum biomarker tests and transient elastography can detect early stages of liver disease, (48) information on which was a significant motivating factor for decreasing alcohol use. (49) In conclusion, we found age and alcohol diagnosis as significant predictors of alcoholic liver cirrhosis risk among hospital patients with an initial hospital contact with alcohol problems. The risk was particularly increased for patients aged 40-59 years at their initial hospital contact and for those with a diagnosis of harmful alcohol use or alcohol dependence. When compared to the general Danish population, patients with an initial hospital contact with alcohol problems had a more than 10-fold greater rate of alcoholic liver cirrhosis.
